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Description 
BACKGROUND 

64,1 **** - 2?^!!ITI vSpoBBWy be 64Q bytes. 
^^inLd H not lead by an Increase on the 

leteusedyneiirtcBnWnBO'i^^^^^^^^ needed by en 

i*** •"S ^J^I Sasses are loaded men are acto- 

da ^*^^^ tawLied loadlno the u"* 6 * 1 
aBy used and *ne ie wasteo 



and extracts frorn the OassRle. 
for commencing P«**~^ oroaraiTi nrt 



. . . ■ -frf am 



^f^IT^^toaded in a container cafleda Jaror 
anindK^cieesrnv ^ loatflna the 

arvironrnert to ^J^fcrfDn or applet Time ie 
ato saved aaori^ ctoeee^ ^ ^ 

javslanouaoa 



SUMMARY OF THE INVENTION 




to 

i components 
id used. Thto 

are the class meta data *^^r tiaaaMnco ^^ 
StHugti the OassFle is a ^SilSTSSSu 



irZn. The meta 

SaTwo further cernporients to lurtlier increase ine 

mm«i The class metadata comprises a ciass 

* MM Despite Java's compact W****™-** 
3^ distributed are often numerous and terge. Much 
J^EofXs tomade up of the rr^ethodsihem. 
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selves. Often, many of the methods downloaded are 
never used on any given occasion. Thte invention pro- 
poses the distribution of class data at a method level of 
gnuwlarfty. This results in the following scenario: 

1) A dent program requires the use of a remote 

does 



2) A skeleton definition of the class Is sent to the di- 
ent. State metadata and constant pod Infor mati on 
is downloaded at this point together with any 
method Identified as always needng to be down- 
loaded. 

jJ^Whan a method is actually i^enced. lazy veri- 
fication also triggers the ctownbadlng of thaJfrag- 

n^olthedasstlaOnrythcMnwtfKXteactual^ 
referencad are transferred. 

WpISi; ^ a result of ^ invention to 
achieved: reduced network stress as a result of the 
reduced data flews; reduced base memory recre- 
ments of the Java application improved client perform- 
ancejas a resuft of the above; and hnproved client 
petforrnanco as a resuft of a more Incremental down- 
load. 

2S5 Jav,r das * ,oadar modified so that 

a™* minimum amount of class metadata is down- 
loaded fnfoaJy. The existing method reference opcode 
are iriodrfied so that the method code is downtoadedat 
zUOm'J' 1 ** ******* 0«» the method is down- 
loaded, the opcode is replaced with its quick countcr- 
P*"^ » the mathpd was previously downtoaded by 
m ~ r .Vfff0^ subsequent references are resolved 

uabta that nMhii m'.'.iii 
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PD171 The application proposes that the classes 
should be loaded without their methods. The methods 
represent most of the bulk of the class and are often 
never referenced. 

I0018J The tezy verification is extended to cause 
th«dowriloacBiTgoflndlvio\jalm 

l*aTK~firt 



100191 Corrtxnsrrte of the class which are no 
longer used by the application may be discarded to free 
up the memory space, this is eimOar to garbage coOec- 
tion of unused classes but on a finer granular scale. One 
extreme way to discard unused components wouJd be 
to dfecard al the methods not active on the Java stack, 
if the individual components were needed later thsv 
could be reloaded with ease. 

DESCRIPTION OF THE FIGURES 

10020] 

Figure 1 is a representation of the transformation of 
a Java application after Java cornpilatkxi and after 
processing by a method of the embodiment; 



Rgure 2 is a representation of the reJafionshb 
between the byte code of the class sent over the 
network, the class as it exists in the client after load- 
ing from the server and dass as it exists on the 

a skeletal dass He; 

E*"!!^ 0 * 8 theprocess of loafing a method for 
interpretation used by the present invention. 

WBIJ Retom^ to Figure liberals repre s ented a 
^ 8 ° urc r cot *» Wat xjava 10 . such source code Is 
typically written using an eottorandmenconxjileduslno 

SSrilil2^!J lt ~ oonteined 
P«o^ or program code comprising metadata arid rnelh- 
ode for each dass, Due to the nature of the dass struc- 
tore^j a class may be copied and tiansferred only as a 
A post (xxnpflatten process is appBedto Th! 

Jrto Indrvfcfualry accessfele components of a dass. 
These components may copied and dtetrtMed indfvkJ- 

SSiS^S? N^!?-" metadata owonent 16 
J^^an^ ln *JduBl method components 

wefc TTj^ongirrtClassFJtolsalsosloredsotriatli 

ESwmS&iSS* aocesslJ,e ESS** 

£T " lhat *» aapa/ablei In this embotfrnent 

£L tffii^nS^Si^ 8 ^ areTSTrSS: 

aver a is feasbfe that other separable parts of the dass 
^*5°^P~; "«y be formed into irxlJua? 

sS^tS^L 1 S2L^ b de P end «rt on one 
*" Ma ** h *• <*» metadata 

£ZZ£fI£ 2!^* WOuk,check *» 'compul- 
"n^iod^^metadala when the class was first 
loaded and load those methods referenced. 
P023J As part of the normal CfassLoadna opera- 
tion, a dass is sent over a n etwork in Its entire* asalh- 
a^se^ence of bytes code. 20 forming 
During class loading the client receives thVXear" 
sequence ofbytes codes 20 and reconstructs the dass 

2a J ^^r^' 8 ^ to ^ fe «^'"^ 
ure 2 snowing the dass metadata and methorfa 

«a»J^a«hodB are represented by the byte code tor 
method 1 and method 2. ThidmmmtSmmSkS 
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class loading and the class loading ol the ennbodlment 

i* loaded, h Figure 2 the byleoode "J***^?* 
loaded and the method 2 pointer in the method table 

pointetoametK>dinvoksr2a 

[0024] Trnictessdes^conpo^w^ 
into for the constant pool and the 
constant pool defines constants used ^^"Ja™ 
SEod Se comprises tie naniesjlthe "tothode 
CSStaf the dass and Bnhs to the methods or melhod 

code method would have a method Htovoker ta rstarttng 
mm .ivm totanxeting the byte code method. A compiled 

compiled code. A melhod that was ******* 

oartot the mWmum dass requirement waitdhave a 

Si tot*, pointer to a melhod loadbigjroofcsr rou- 

STwien ttte\nethpd to needed, a lookup on me 

S^tabtowouWie*^^ 

STmemod. The present embodknent uses a toad 

method component fat haej m* b^?j«^r£*J 

rtentThemodBeddasstoadsr^^ 

■oc^-f-n-hodjompo^^ 

nant directory or. as Wteated jr» flQMre2. two me iocb- 

Hon hi the method 

[00281 Whenahappletisdownloao^^ 
toWclertbyttorncolledcte^^ 
as fotows (see Figure 8). 

application wis instigate the *r*>fJ2^j^ 
tneaoplst w« comprise a raimbar of causes and the 

1). insteed ofdownlbadi^ 

modified dass loader ««J«^2^I^^S 

corponentised by tie post ^^J^*, 9 ^ 

attends to download the xmeta ™"P°"?^ 

dase (step 102) .» tie to not successful the modmed 

cSiSthsnloedsthexxlasein lis «t|re^etas 

« typical dass loader (step 1 04). ■ this is *«»s8fulthe 

im^corrstonent 16 1, loaded 

description component 2*<w*art pool 24. rreahod 

table 26 and hwoker cornponents 28^up^ep1^ 

as in Figure 2. The modeled dass loader fhsn sststhe 

rxxi^oaaVKJiTietrKXipoW^ 

at a melhod loader hvoker 28 eo that a 

method is loaded irmwdlately it *J2£^™* 

the quick melhod load and ie ^ mtU !lJ2S^J^ 

ln*tox^<»^r&**™a<^™*** Racing 

no Ttol^4.a*orK^ 



line looks up the location of the method corivonertfrom 
the dass description (step ^ *2 *"^ N 2 
cotrfionentfrom the server to the ©lent (step 205). Nad 
the method cornponsnt goes trsouo^ fte normal ver»- 
, cation process as It would haw done H the daMfletad 
been loaded in its entirety (step WJ5V n f"** 
invoker can now be set to point at ihe location of tne 
byte code method in the client rather than the method 
loader routine (step 207). The 
,o tentothelocatlonpolr^attvlheh^ 

Next time the method is referenced the JVM wl know 
that a T*^ <~*** l oad can be made. The met hod 
load next re-executes the awoke melhod routine and the 
JVM interprets the method as per normal (step 209). 
ib [0027] In summary there ie described a method 
relating to the loading of Java CtessFles on to a Java 
Vktual Machtoe. On a regular JVM CtassFlee are 
loaded aa and when required. In this spsoWceJon tiere 
ta described a method of implementing an object od- 
20 anted program language euchea Java on a ooirajiter. 
The melhod comprises idSfitfytng a dsa^jmo of thf 
tTW u t w .n^ Mat^eftheleiiouaoe. which Ie not within 
the program domain, that ie not loaded Into the Java VTr- 
tual Machine. Next R introduces to tie program domain 
28 only the iiwibraw ujii|*aie n t s of the dass which are 
necessary for corrmsndng processing of t» class. The 
dass may comprise several blocks of data leuiuuenling 
the methods of tr« class, since the ciassrray oft have 
been identified because one of ttomsfhods wttwn vis. 
so dass was refererced thsn only the okxfc of oUa repre- 
senting thia rriefhod ie loaded Into tie Java Virtual 
Machine along with the other ^^ co ^ OM ^ n Z 
the dass. Other blocks of data leuiusentlng methods 
can be loaded as and when required by the program- 
as ming domain. Redundant method uuiswiMntB may be 
removed from the program domain to save memory. 

Claims 

ter system comprising: 



[0026] A Java applet ie being ^jf^^J^jj^.J^ 
JVM and an instruction references a ^ 
201 ). This melhod is looked up in thame^teUecrf 
the dass (step 202). the dass fieorj J^***" 
metadata raMng already beer^^ 
server. The method table identifies the methoc I loader 
routine ie to be used (step 203). The method loader rou- 



Identifying independent parte within the* 
creeling separate consonants for each 
rable part of the dass; and 
storing the components so that each compo- 
nent of the class to todMduaty klentliebleand 
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2> A method as daimed in claim 1 wherein the indO' 
pendent parts of the dass identified are the dass 
metadata and the methods. 

3l A method ae claimed in claim 1 or 2 wherein the 
metadata cornponsnt contains Information incScat- 
ing which methods are dependent and should 
loaded together. 
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4. A method as claimed hi claim 1, 2 or 3 wherein 
the processing is performed on Java byte code 
ClassFBe. 

5. A method implementing an object oriented pro- 5 
gram language on a conputer comprising: 

identifying a class which is not within the pro- 
gram domain; and 

introducing to the program domain only the 10 
minimum components of the class which are 
necessary for conrwnencing processing of the 
class* 

0* A method as claimed in claim 5 further corrpris- is 
ing Identifying a separable meta data conponent 
and separable method components of the class 
and introducing the meta data component and only 
the minimum number of method com 
program domain 20 

7. A method as claimed in claim 5 or 6 ftirther com- 
prising sotting a field in the program domain to inci- 
cate that method byte code for that method has not 
been downloaded to the cflent 2s 

8. A method as claimed In claim 7 whereto the field 
points at a mech ani sm for loading the component of 
method byte coda 

30 

means for creating separate components for 
each separable part of the class; and 

means for storing the components so that each 
component of the class is individually identifia- ss 
.bis and assessibfa 

1tfc A conrputer program product stored on a com- 
puter readable storage medium, for executing com- 
puter program instructions to carry out the step, of 40 
a method ae claimed in claim 1 . 
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jc.ml.meth (byte code) 
ISA 
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1 Method Table 




Byte Code for method 
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ClassLoader is asked to load 
class, x 

101 

i 

OassLoader attempts to load 
x.meta 
102 




Invoker set to "Method Loader' 
routine 
106 



Figure 3 
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Instruction references class method 
201 

* 

Lookup method in method table 
202 



: 

Method laoder routine referenced by method table 

203 




Figure 4 
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